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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



' DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the high brightness arc discharge metal halide lamp 
which has a well head in a detail and whose light can be modulated more about a high brightness arc 
discharge lamp. 
[0002] 

[Description of the Prior Art] The lamp which attains bigger lamp efficiency is being developed for 
general lighting applications as the need for the conservation-of-energy mold lighting system used for 
indoor lighting and exterior illumination increases. In recent years, for example, the non-electrode 
fluorescent lamp is sold in the commercial scene for an indoor application, an outdoor-type way, an 
industrial use way, and commercial applications. The advantage of such an electrodeless lamp is a point 
that the internal electrode and heating filament which are the cause which restricts the life of the 
conventional fluorescent lamp are unnecessary. However, for the need for a radio frequency electric 
power system that the lamp equipment design for holding a radio frequency coil with a lamp becomes it 
is larger and complicated, electromagnetic wave active jamming, with other electronic equipment, and 
complicated starting conditions, the further circuitry is needed and an electrodeless lamp system 
becomes a result and a quite expensive thing. 

[0003] The efficient lamp of another class is an arc discharge metal halide lamp currently widely used 
for indoor and exterior illuminations. Such a lamp is common knowledge and is equipped with the arc 
discharge chamber of light transmission nature. One pair of electrodes open spacing, and are arranged, 
and the closure is carried out to the interior of a chamber. Typically, this arc discharge chamber contains 
suitable activity ingredients, such as inactive starting gas of a specific mole ratio and a metal in which 
one or more ionization is possible, or a halogenation metal. Both the metal in which one or more 
ionization is possible, and a halogenation metal are contained, and a potato is good, this lamp is 
equipped with the ballast-choke (they are either MAG or electrical and electric equipment) circuit which 
offers the starting voltage and current limiting at the time of the next actuation, and it usually operates 
within the standard alternating current light socket of 120-volt rms potential - comparatively low - it 
may be a power lamp. 

[0004] Such a lamp may have the arc discharge chamber which consisted of ceramic ingredients. An arc 
discharge chamber offers a suitable voltage drop with mercury including the halogenation rare earth of 
Nal, Til and DyI3 and HoI3, and TmI3 grade, or usually carries out the load of inter-electrode. The lamp 
containing these ingredients has correlated color temperature (CCT) and the engine performance with a 
good color rendering index (CRI), and the comparatively high effectiveness to 95 lumen/watt (LPW). 
Thereby in the conventional metal halide lamp, the arc discharge chamber has attained the well head 
including CeI3 and Nal (for example, patent reference 1 reference.). Moreover, some which have 
attained the well head by this including a sodium iodide with mercury have an arc discharge chamber 
(for example, patent reference 2 reference.). In order to save the electrical energy at the time of lighting 
further using a lamp efficient naturally more, the high brightness arc discharge metal halide lamp which 
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has still higher lamp efficiency is required. When 100% of lighting output is not required, more 
electrical energy can be saved by decreasing a current and modulating the light of a lamp at the time of 
use. It is made desirable to use the high brightness arc discharge metal halide lamp which has the engine 
performance which was excellent in many lighting applications under such a modulated light condition. 
[0005] 

[Patent reference 1] U.S. Pat. No. 5,973,453 specification [0006] 
[Patent reference 2] U.S. Pat. No. 6,300,729 specification [0007] 

[Problem(s) to be Solved by the Invention] However, the arc discharge metal halide lamp which has the 
chamber by which the lamp output was constituted from an above-mentioned ceramic ingredient under 
the modulated light condition reduced to about 50% of the specification output will originate in 
comparatively strong Tl radiation, and green will emit light strongly. Consequently, such a lamp will 
emit the light to which the color rendering index fell sharply. 

[0008] Therefore, even if the purpose of this invention is under a modulated light condition, it is offering 
the arc discharge metal halide lamp and lighting system which have higher effectiveness and the more 
excellent chromatic nature ability. 
[0009] 

[Means for Solving the Problem] The tube wall structure of translucency where the metal halide lamp by 
this invention specifies a discharge field, The discharge chamber which it is the discharge chamber 
which has the 1st electrode and the 2nd electrode, and said the 1st electrode and said 2nd electrode have 
countered, It is the ionizable ingredient enclosed with said discharge field. Said ionizable ingredient 
Mercury, rare gas, and at least two kinds of halogenides containing halogenation PURASEOJIUMU and 
sodium halide are included. If it has an ionizable ingredient, the diameter of said tube wall structure is 
set to D and inter-electrode distance between said 1st electrode and said 2nd electrode is set to L, said 
diameter D and said inter-electrode distance L will lie at right angles substantially, and relation called 
ratio-of-length-to-diameter>4 will be filled, and this will attain the above-mentioned purpose. 
[0010] Said tube wall structure may be formed from the polycrystal alumina. 

[001 1] Said halogenation PURASEOJIUMU may be an iodation praseodymium (PrI3), and said sodium 
halide may be a sodium iodide (Nal). 

[0012] Said tube wall structure has the 1st edge located in said 1st electrode side, and the 2nd edge 
located in said 2nd electrode side, and said the 1st edge and said 2nd edge may be tapering off. 
[0013] Said discharge chamber may be further equipped with a wrap heat- shield at least for one side 
among said 1st edge and said 2nd edge. 

[0014] Said rare gas may be gas chosen from the group which consists of a xenon (Xe), an argon (Ar), 
neon (Ne), and a krypton (Kr). 

[0015] Relation called 7 <=ratio-of-length-to-diameter<=9 as said diameter D and said inter-electrode 
distance L may be filled. 

[0016] The ratio of the amount of said mercury to the volume of said discharge field may be three or less 
[ 4mg//cm ]. 

[0017] Said ionizable ingredient may also contain a halogenation cerium further. 
[0018] The above-mentioned metal halide lamp is a mouthpiece combined with transparence and a 
spherical envelope, and said envelope. Have the 1st access wire and the 2nd access wire which are 
prolonged inside [ said ] an envelope. It has a mouthpiece further, said discharge chamber is arranged in 
said envelope, said 1st electrode may be connected with said 1st access wire, and said 2nd electrode may 
be connected with said 2nd access wire. 

[0019] Said halogenation PURASEOJIUMU may be an iodation praseodymium (PrI3), and said sodium 
halide may be a sodium iodide (Nal). 

[0020] A lighting system including the metal halide lamp by this invention and the circuit of operation 
which operates said metal halide lamp The tube wall structure of translucency where said metal halide 
lamp specifies a discharge field, The discharge chamber which it is the discharge chamber which has the 
1st electrode and the 2nd electrode, and said the 1st electrode and said 2nd electrode have countered, It 
is the ionizable ingredient enclosed with said discharge field. Said ionizable ingredient Mercury, rare 
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gas, and at least two kinds of halogenides containing halogenation PURASEOJRJMU and sodium halide 
are included. If it has an ionizable ingredient, the diameter of said tube wall structure is set to D and 
inter-electrode distance between said 1st electrode and said 2nd electrode is set to L Said diameter D and 
said inter-electrode distance L lie at right angles substantially, and relation called ratio-of-length-to- 
diameter>4 is filled. Said circuit of operation It is constituted and gets down so that the electrical 
potential difference which is made to put said metal halide lamp into operation, arid is made to discharge 
may be supplied to said metal halide lamp and the current which adjusts the output of said metal halide 
lamp of operation may be supplied to said metal halide lamp, and this attains the above-mentioned 
purpose. 

[0021] The ratio of the amount of said mercury to the volume of said discharge field may be three or less 

[ 4mg //cm ]. 

[0022] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained with 
reference to a drawing. 

[0023] Drawing 1 is referred to. Drawing 1 shows the fragmentary sectional view of the arc discharge 
metal halide lamp 10. the Edison mold metal of the former [ envelope /ll/ from which this drawing cut 
out the part / spherical borosilicate glass ] - the condition of having been inserted in the mouthpiece 12 
is shown. The glass envelope 1 1 is transparent. It has extended in parallel through the electrode metal 
part to which electrode wires (the 1st and 2nd access wire) 14 and 15 correspond between two electrode 
metal parts insulated electrically within a mouthpiece 12 by drawing, respectively to the borosilicate 
glass flare (envelope major-axis passage flare) 16 formed with nickel or mild steel. The borosilicate 
glass flare 16 has been arranged in the location of a mouthpiece 12, and is prolonged inside the envelope 
1 1 in accordance with the shaft (dotted line 104 of drawing 1 ) of the direction of a major axis of an 
envelope 11. The 1st access wire 14 and the 2nd access wire 15 are prolonged in the direction parallel to 
the envelope major-axis passage flare 16 from the condition first located in one envelope major-axis 
passage flare 16 side, and the part is further arranged inside an envelope 1 1. A part of remaining parts of 
the 1st access wire 14 which exists inside an envelope 11, and the 2nd access wire 15 are bent by the 
acute angle in the different direction from the direction of the first, and only a few prolongs for it and 
carries out termination of the 1st bent access wire 14 after that. Consequently, the 1st access wire 14 
intersects the envelope major axis 104 mostly. 

[0024] However, the 2nd access wire 15 first bent in the direction which separates from the envelope 
major axis 104 by the inside of an envelope 1 1 through the flare 16 is again bent in 15a of drawing 1 so 
that the part following the part bent first may be substantially prolonged in the parallel direction with the 
envelope major axis 104. Then, the 2nd access wire 15 is again bent by the right angle in 15b of drawing 
1 so that the part following the part bent again may be substantially prolonged in the perpendicular 
direction with the envelope major axis 104. The 2nd access wire 15 intersects the envelope major axis 
104 mostly [ near the edge where an envelope 1 1 is contrary to the edge inserted in the mouthpiece 12 ]. 
The part parallel to the envelope major axis 104 of the 2nd access wire 15 passes along the inside of the 
aluminum oxide ceramic tube 1 8 so that a photoelectron may not be generated from the front face of the 
2nd access wire 15 at the time of actuation of a lamp. Moreover, the part parallel to the envelope major 
axis 104 of the 2nd access wire 15 is supporting the getter 19 of the conventional technique 
supplementary to a gas impurity. The 2nd access wire 15 is bent by the right angle by two more places 
(15c and 15d of drawing 1 ). The edge of the 2nd access wire 15 is arranged under the part to which the 
2nd above-mentioned access wire 15 intersects the envelope major axis 104 first, and is arranged at the 
crossing part and parallel. Finally this remaining edge is connected with the borosilicate glass dimple 24 
at the edge of the envelope 1 1 of a mouthpiece 12 and the opposite side. 

[0025] Drawing 1 shows the form of one possible configuration of the ceramic arc discharge chamber 20 
constituted around the field surrounded as a shell structure which has a translucent polycrystal alumina 
wall to the light. A chamber 20 has the tube wall structure 25, and one pair of small small bore / outer- 
diameter ceramic truncation cylindrical-shell parts 21a and 21b (or it is also called Tubes 21a and 21b). 
Tubes 21a and 21b are burned, inserted in and used as the edge at which two open ends of the tube wall 
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structure 25 correspond, respectively. 

[0026] The tube wall structure 25 has the truncated big cylindrical-shell part 101 of a diameter, and the 
truncated small cylindrical-shell parts 102a and 102b of a diameter very short at each edge of a chamber 
20 between the edges of a chamber 20. The tube wall structure 25 has the conical shell parts 103a and 
103b, and, thereby, the truncated small cylindrical-shell parts 102a and 102b of a diameter and the 
truncated big cylindrical-shell part 101 of a diameter are connected. 

[0027] In addition, in this specification, small truncated cylindrical-shell partial 102a of a diameter and 
conical shell partial 103 a are doubled, and it is called the 1st edge. Similarly, small truncated 
cylindrical-shell partial 102b of a diameter and conical shell partial 103b are doubled, and it is called the 
2nd edge. The 1st edge is tapering off to small truncated cylindrical-shell partial 102a of conical shell 
partial 103 a to a diameter. Similarly, the 2nd edge is tapering off to small truncated cylindrical-shell 
partial 102b of conical shell partial 103b to a diameter. The 1st edge and 2nd edge have countered. The 
1st edge is located in the 1st electrode side mentioned later, and the 2nd edge is located in the 2nd 
electrode side mentioned later. 

[0028] A chamber 20 can be equipped with the 1st heat-shield (not shown) and 2nd heat-shield (not 
shown) which function as intercepting heat again. The 1st heat-shield is a wrap in at least one of small 
truncated cylindrical-shell partial 102a of a diameter, conical shell partial 103a, and tube 21a. The 1st 
heat-shield is a wrap preferably about the 1st edge (small truncated cylindrical-shell partial 102a and 
conical shell partial 103a of a diameter). Similarly, the 2nd heat-shield is a wrap in at least one of small 
truncated cylindrical-shell partial 102b of a diameter, conical shell partial 103b, and tube 21b. The 2nd 
heat-shield is a wrap preferably about the 2nd edge (small truncated cylindrical-shell partial 102b and 
conical shell partial 103b of a diameter). The chamber 20 may have only either among the 1st heat- 
shield and the 2nd heat-shield. 

[0029] The chamber electrode wiring wires 26a and 26b are formed from a niobium. The chamber 
electrode wiring wires 26a and 26b are prolonged from Tubes 21a and 21b, respectively. The 1st access 
wire 14 attains wire 26a to the edge of the 1st access wire 14 which intersects the envelope major axis 
104, and it is attached in the 1st access wire 14 by welding. The 2nd access wire 15 mentioned above 
attains wire 26b to the part which intersects the envelope major axis 104, and it is attached in the access 
wire 15 by welding. A chamber 20 is arranged and supported by this configuration among these welds 
of the 1st access wire 14 and the 2nd access wire 15, and its shaft of that die-length direction 
corresponds with the envelope major axis 104 mostly by it. Furthermore, power may be offered through 
the 1st access wire 14 to a chamber 20. 

[0030] Drawing 2 is the sectional view of the arc discharge chamber 20 of drawing 1 . The discharge 
field 201 inside a tube wall specified with the tube wall structure 25 and Tubes 21a and 21b is shown in 
drawing 2 . The same reference mark is given to the same component as the component shown in 
drawing 1 , and the detailed explanation about these is omitted. 

[0031] An ionizable ingredient is enclosed with the discharge field 201. Such an ionizable ingredient 
contains mercury, rare gas, and a halogenide. Rare gas is chosen from the group which consists of a 
xenon (Xe), an argon (Ar), neon (Ne), and a krypton (Kr). A halogenide contains halogenation 
PURASEOJIUMU and sodium halide at least. 

[0032] Chamber electrode wiring wire 26a is formed from the niobium. Wire 26a has the thermal- 
expansion property of tube 21a and glass frit 27a, and the comparatively near thermal-expansion 
property again. Wire 26a is fixed to the internal surface of tube 21a by this glass frit 27a (and wire 26a is 
in the condition which passed along tube 21a, and is sealing and closing opening of wire 26a). However, 
wire 26a cannot bear the chemical etching produced by the plasma formed in the discharge field 201 of a 
chamber 20 at the time of actuation. Therefore, the end of molybdenum drawing-in wire 29a which can 
be equal to actuation within the plasma is connected to the end of wiring wire 26a by welding, and the 
other end of drawing-in wire 29a is connected to the end of tungsten main-electrode shaft 31a by 
welding. 

[0033] Furthermore, wolfram electrodexoil 32a is prepared in a part for the point of the other end of 
main-electrode shaft 31a, and is unified by welding. Thus, electrode 33a is constituted by main-electrode 
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shaft 31a and electrode coil 32a. Electrode 33a is formed from a tungsten, has the comparatively good 
resistance over the chemical etching of the halogenation metal plasma, and offers good thermion 
radiation of an electron. Drawing-in wire 29a functions as arranging electrode 33a to the position in the 
discharge field 201 of the arc discharge chamber 20. Typically, the diameter of wiring wire 26a is 
0.9mm. Typically, the diameter of main-electrode shaft 31a is 0.5mm. In addition, in this specification, 
since it draws with wiring wire 26a, wire 29a, main-electrode shaft 31a, and wolfram electrode coil 32a 
connect with the 1st access wire 14 and power is supplied, it draws with these wiring wire 26a, and wire 
29a, main-electrode shaft 31a, and wolfram electrode coil 32a function also as the 1st electrode. 
[0034] Similarly, in drawing 2 , chamber electrode wiring wire 26b is formed from the niobium. Wire 
26b has the thermal-expansion property of tube 21b and glass frit 27b, and the comparatively near 
thermal-expansion property again. With the gestalt of this operation, although the wiring wires 26a and 
26b are formed from the niobium, they are not limited to this. The wiring wires 26a and 26b may be 
formed from the conductive cermet which has the coefficient of thermal expansion of an alumina, and a 
near coefficient of thermal expansion. Chamber electrode wiring wire 26b is being fixed to the internal 
surface of tube 21b by glass frit 27b (and wire 26b is in the condition which passed along tube 21b, and 
is sealing and closing opening of wire 26b). The end of molybdenum drawing-in wire 29b which can be 
equal to actuation within the plasma is connected to the end of wiring wire 26b by welding, and the 
other end of drawing-in wire 29b is connected to the end of tungsten main-electrode shaft 31b by 
welding. 

[0035] Wolfram electrode coil 32b is prepared in a part for the point of the other end of main-electrode 
shaft 31b, and is unified by welding. Thus, electrode 33b is constituted by main-electrode shaft 31b and 
electrode coil 32b. Drawing-in wire 29b functions as arranging electrode 33b to the position in the 
discharge field 201 of the arc discharge chamber 20. Typically, the diameter of wiring wire 26b is also 
0.9mm. Typically, the diameter of main-electrode shaft 31b is also 0.5mm. In addition, in this 
specification, since it draws with wiring wire 26b, wire 29b, main-electrode shaft 31b, and wolfram 
electrode coil 32b connect with the 2nd access wire 15 and power is supplied, it draws with these wiring 
wire 26b, and wire 29b, main-electrode shaft 31b, and wolfram electrode coil 32b function also as the 
2nd electrode. 

[0036] the ratio of the effective diameter "D" (or effective radius) of the tube wall structure 25 of an arc 
chamber 20 covering the die length between the electrodes 33a and 33b of an arc chamber 20 or distance 
"L" (inter-electrode distance), a pair, and its arc chamber inter-electrode distance L in the point which 
should furthermore be taken into consideration with the structure of a lamp ~ it is ratio of length to 
diameter. The inter-electrode distance L and a diameter D lie at right angles substantially. In this 
specification, although the direction of the inter-electrode distance L and the direction of a diameter D 
do not intersect perpendicularly completely when the direction of the inter-electrode distance L "which 
intersects perpendicularly substantially", and the direction of a diameter D intersect perpendicularly 
completely in addition, it says that it is extent from which it originates in that and the fall of a 
luminescence property does not become a problem in the usual lamp design. This ratio is an element 
important when choosing the configuration of an arc chamber 20 with the total volume contained in a 
chamber (the discharge field 201 is formed) 20 within the limits of the predetermined ratio to the 
volume of the amount of the activity ingredient contained in a chamber 20, a pair, and a chamber 20. 
The aspect ratio of this L pair D influences distribution of the amount of the light emitted from an arc 
chamber 20, and the excitation state of an activity ingredient atom, the breadth of the ingredient bright 
line, etc. 

[0037] Furthermore, the self- absorption of the powerful emission-spectrum line of the radiation metal in 
an arc chamber 20 decreases as the effective diameter D of an arc chamber 20 becomes small. 
Therefore, if a self-absorption increases with the increment in the effective diameter D of an arc 
chamber 20 so that it may be shown from drawing 3 , lamp efficiency will fall. When obtaining a long 
lasting lamp, the buld wall loading of an arc chamber 20 needs to be restricted by predetermined 
maximum (in the case of the low wattage metal halide lamp which has for example, an arc discharge 
chamber made from a ceramic, it is about 30 to 35 W/cm2). It is substantially difficult so that buld wall 
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loading becomes high for the tube wall of an activity ingredient salt and an arc chamber 20 and a 
chemical reaction with a frit ingredient to usually pose a still more serious problem, and to acquire a life 
[ useful enough ] of operation from such a lamp. 

[0038] The inter-electrode distance L and the effective diameter D to this inter-electrode distance L (or 
radius) cannot be chosen independently. When an effective diameter D is small, it is necessary to reduce 
that lengthen inter-electrode distance L, increase a tube wall inner area, and the buld wall loading of an 
arc chamber 20 increases, or to lose it. When maintaining buld wall loading uniformly, if the inter- 
electrode distance L comes merit, an effective diameter D (or radius) can become small. The 
effectiveness of the luminous radiation by the halogenation metal arc discharge in an arc chamber 20 
will rise until the effectiveness reaches limiting value, so that permissible buld wall loading becomes 
large, when maintaining uniformly the ratio of the inter-electrode distance L, a pair, and an effective 
diameter D (or radius). 

[0039] Next, drawing 4 is referred to. the ratio of the lamp efficiency (LPW) about the lamp of this 
invention with typical drawing 4 , and the inter-electrode distance L over an effective diameter D — 
relation with ratio of length to diameter is shown. Typically, the lamp efficiency in the conventional 
efficient lamp is 95 lumen/watt (LPW). In the lamp of this invention, when the inter-electrode distance L 
and a diameter D filled relation called ratio-of-length-to-diameter>=2, the conventional lamp efficiency 
and the lamp efficiency more than equivalent 95 lumen/watts (LPW) were acquired. Furthermore, when 
relation called ratio-of-length-to-diameter>4 was filled, it turned out that effectiveness high 20% or 
more is acquired compared with the conventional lamp efficiency. The number of LGTs of the lighting 
used by the conventional lighting design can be reduced 20%, maintaining the luminescence engine 
performance, since lamp efficiency increases 20% or more compared with the former. 
[0040] The inter-electrode distance L and a diameter D fill still more preferably relation called 7 
<=ratio-of-length-to-diameter<=9. In this case, it turned out that the highest lamp efficiency is acquired. 
Drawing 4 shows that lamp efficiency is in a fall inclination, when relation called ratio-of-length-to- 
diameter>9 is filled. However, when the inter-electrode distance L and a diameter D were filling relation 
called 9<ratio-of-length-to-diameteK=20, it turned out that the lamp efficiency of this invention is 
higher than the conventional lamp efficiency (95LPW). In addition, if the inter-electrode distance L and 
a diameter D fill relation called ratio-of-length-to-diameter>20, the inter-electrode distance L will 
become very large, starting of the discharge using the usual lighting circuit and maintenance of 
discharge will become difficult, or a diameter D becomes small, it will originate in disappearance of the 
electron in a tube wall, and maintenance of discharge will become difficult. Therefore, as for the inter- 
electrode distance L and a diameter D, it is desirable to fill relation called ratio-of-length-to- 
diameter<20. 

[0041] The variable by which an arc discharge lamp is characterized is called normalization buld wall 
loading (watt/effective diameter). Normalization buld wall loading is made into one scale combining the 
effectiveness of buld wall loading, and the effectiveness of a radiation trap phenomenon. Drawing 5 
shows the graph of the lamp efficiency (LPW) of the above-mentioned arc chamber 20 which made the 
variable normalization buld wall loading (watt/effective diameter (W/D)). Lamp efficiency may also rise 
as it goes up to maximum with the buld wall loading of an arc chamber so that drawing 5 may show. 
Then, lamp efficiency will be in a saturation state mostly. Whether [ or ] this increases buld wall loading 
further or it decreases further the diameter (namely, the effective diameter D) of an arc chamber 20, or 
even if it carries out combining these and obtains bigger normalization buld wall loading, it is shown 
that the rise of the further effectiveness is not acquired. In the arc chamber which has the property 
shown in drawing 5 , when the value of normalization buld wall loading is about 30-44W/mm, the 
optimal effectiveness is acquired, or [ that lamp efficiency will decrease if these values are exceeded ] — 
or it will not go up any more but, probably the life of a lamp of operation will decrease. 
[0042] An arc chamber 20 may be constituted in another different geometry from the configuration of 
drawin gs and drawing 2 . An example of such a configuration is shown in drawing 6 A - drawing 6 G. 
In each example shown in drawing 1 , drawing 2 , and drawing 6 A - drawing 6 G, the sectional view in 
alignment with the major axis of an arc chamber is shown. Although it is the front face of the body of 
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revolution which sets a revolving shaft as the major axis of an arc chamber, since it is not necessarily 
required here, a tube wall internal surface and a tube wall outside surface are not illustrated. The 
effective diameter D of such a tube wall internal surface can ask for the inner area of an inter-electrode 
sectional view (that is, the inter-electrode distance L is covered), and can ask for it by doing the division 
of this area by L. The internal surface of other classes may need a more complicated equalization 
procedure, in order to ask for the effective diameter. 

[0043] Drawing 6 A shows the arc chamber whose cross section of tube wall structure is an ellipse form. 

[0044] Drawing 6 B shows the arc chamber which has the cross section of a right circular cylinder cut so 
that the both ends of tube wall structure might become flat. 

[0045] The both ends of tube wall structure are semi-spheres, and drawing 6 C shows the arc chamber 
which has the cross section where the side face of tube wall structure serves as a concave. 
[0046] Drawing 6 D shows the arc chamber which has the cross section of the right circular cylinder cut 
so that the both ends of tube wall structure might serve as a semi-sphere. 

[0047] The both ends of tube wall structure are semi-spheres, and drawing 6 E shows the arc chamber 
which has the cross section whose side face of tube wall structure is an ellipse form. 
[0048] Drawing 6 F shows the arc chamber which has the cross section of the right circular cylinder cut 
so that the diameter of the both ends of tube wall structure might become flat small. The edge where a 
diameter is small is connected to the right circular cylinder in drawing 6 F by the partial cone which was 
tapering off gradually between the right circular cylinder and the edge. 

[0049] Drawing 6 G shows the arc chamber which has the cross section of the right circular cylinder cut 
so that the diameter of the both ends of tube wall structure might become flat greatly. The edge where a 
diameter is big is connected to the right circular cylinder in drawing 6 G by the reverse partial cone 
which was tapering off to the right circular cylinder between the right circular cylinder and the edge. 
The configuration of still more nearly another many is possible. Each configuration is made into a 
desirable gestalt from a reason different, respectively. Therefore, each configuration has an advantage 
and a fault, respectively. That is, when a specific activity ingredient and other specific lamp properties 
are taken into consideration, the configuration of a certain predetermined arc chamber will have many 
advantages rather than others among many configurations. Also in which arc chamber configuration 
shown in drawing 6 A - drawing 6 F, when using the ionizable ingredient by this invention with which a 
discharge field is provided and filling the relation (namely, ratio-of-length-to-diameter>4) with the inter- 
electrode distance L and an above-mentioned diameter D, the arc discharge metal halide lamp which has 
high lamp efficiency compared with the former is obtained. 

[0050] Next, the concrete configuration of the metal halide lamp of this invention in the configuration 
shown in drawing 1 and drawing 2 is explained. 

[0051] (Gestalt 1 of operation) In the gestalt 1 of operation of this invention, the arc discharge chamber 
20 is formed from the polycrystal alumina, and has about 36mm cavity length in the discharge field 201 
of a chamber 20. The effective diameter D of the tube wall structure 25 between electrode 33a and 
electrode 33b is about 4mm. The inter-electrode distance L between electrode 33a in the discharge field 
201 of a chamber 20 and electrode 33b is about 32mm, and the arc length of the same value is obtained. 
The specification output of a lamp is nominal 150W. Iodation PURASEOJIUMU (PrI3) and the sodium 
iodide (Nal) of the amount of the activity ingredient offered in the discharge field 201 in the arc 
discharge chamber 20 whose Hg is 0.5mg and a halogenation metal were 10-15mg, and the range of the 
mole ratio of PrI3:NaI was 1:3.5 to 1:10.5. Furthermore, xenon (Xe) gas was offered in the discharge 
field 201 as ignition gas by the room temperature and the pressure of about 330 mbars. 
[0052] (Gestalt 2 of operation) In the gestalt 2 of operation of this invention, another halogenation metal 
(iodation cerium (CeI3)) is added, and a configuration uses the same arc chamber to which the inter- 
electrode distance L became short but, and the effective diameter D became large. In the gestalt 2 of this 
operation, the cavity length of the discharge field 201 in the arc discharge chamber 20 is about 28mm. 
The effective diameter D of the tube wall structure 25 between electrode 33a and electrode 33b is about 
5mm. The inter-electrode distance L between electrode 33a in a chamber 20 and electrode 33b is about 
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24mm, and the arc length of the same value is obtained. The specification output of a lamp is 150W also 
here. PrI3, CeI3, and Nal whose Hg of the amount of the activity ingredient offered in the discharge 
field 201 in the arc discharge chamber 20 is 2.2mg and a halogenation metal were 15mg, and the mole 
ratio of PrI3:CeI3:NaI was 0.5:1:15.75, 0.88:1:19.69, or 2:1:31.5. Here, Xe gas was offered in the 
discharge field 201 as ignition gas by the room temperature and the pressure of about 330 mbars. 
[0053] With the gestalten 1 and 2 of operation, although Xe was adopted as ignition gas, it is not limited 
to this. Ignition gas is gas chosen from the group which consists of a xenon (Xe), an argon (Ar), neon 
(Ne), and a krypton (Kr). 

[0054] Drawing 7 shows the relation between the gestalt 1 of operation, change of the halogenation 
activity ingredient in the same lamp of typical PrI3 / Nal activity ingredient hybrid model of CCT (K) of 
various mole ratios, and change of a lamp output wattage (W) based on the gestalt 1 of operation. PrI3 
and Nal are lOmg in all, and, as for ** of introductory notes, the mole ratio of PrI3:NaI shows the result 
of the arc discharge metal halide lamp of 1 :3.5. PrI3 and Nal are lOmg in all, and, as for O of 
introductory notes, the mole ratio of PrI3:NaI shows the result of the arc discharge metal halide lamp of 
1 :7. PrI3 and Nal are lOmg in all, and, as for ** of introductory notes, the mole ratio of PrI3:NaI shows 
the result of the arc discharge metal halide lamp of 1 : 10.5. If a lamp output wattage (W) is decreased 
from 100% (150W) of specification outputs by restricting the current which flows a lamp, the value of 
corresponding CCT (K) will decrease. In the arc discharge metal halide lamp of various mole ratios, the 
lamp output wattage was decreased from 100% of specification outputs (150W) to 50% (75 W), and the 
light of a lamp was modulated. As a result of modulating the light of these arc discharge metal halide 
lamps, the CCT value change in which arc discharge metal halide lamp is also far small as compared 
with the CCT value change in the existing lamp. 

[0055] Drawing 8 shows the relation between the gestalt 1 of operation, change of the halogenation 
activity ingredient in the same lamp of typical PrI3 / Nal activity ingredient hybrid model of the lamp 
efficiency (LPW) of various mole ratios, and change of a lamp output wattage (W) based on the gestalt 1 
of operation. If a lamp output wattage is decreased from 100% (150W) of specification outputs by 
restricting the current which flows a lamp, operating a lamp on the Rhine electrical potential difference, 
lamp efficiency will fall according to reduction of a lamp output wattage. Here, the same arc discharge 
metal halide lamp as drawing 7 is used. In the arc discharge metal halide lamp of various mole ratios, 
the lamp output wattage was decreased from 100% (150W) of specification outputs to 50% (75 W), and 
the light of a lamp was modulated. As a result of modulating the light of these arc discharge metal halide 
lamps, the same was substantially [ as change of the lamp efficiency in the existing lamp ] said of the 
change of the lamp efficiency in which arc discharge metal halide lamp. 

[0056] Drawing 9 shows the relation between the gestalt of the 1st operation, change of the lamp CRI of 
the various mole ratios of the halogenation activity ingredient in the same lamp of typical PrI3 / Nal 
activity ingredient hybrid model, and change of a lamp output wattage (W) based on the gestalt of the 
1st operation. If a lamp output wattage is decreased from 100% (150W) of specification outputs by 
restricting the current which flows a lamp, operating a lamp on the Rhine electrical potential difference, 
Lamps CRI will decrease in number according to reduction of a lamp output wattage. Here, the same arc 
discharge metal halide lamp as drawing 7 is used. In the arc discharge metal halide lamp of various mole 
ratios, the lamp output wattage was decreased from 100% (150W) of specification outputs to 50% 
(75W), and the light of a lamp was modulated. As a result of modulating the light of these arc discharge 
metal halide lamps, change of the lamp CRI in which arc discharge metal halide lamp was also far small 
as compared with change of the lamp CRI in the existing lamp. 

[0057] Drawing 10 shows relation with the amount of mercury enclosure per unit volume of the field 
where the activity ingredient used in the lamp efficiency and the arc chamber of the typical lamp of this 
invention is contained. In the case of the lamp which operates with specific lamp voltage, the amount of 
mercury enclosure per [ which is thinly used by the long arc chamber like the chamber used in the 
gestalt 1 of above-mentioned operation ] unit volume is comparatively low, and the amount of mercury 
DO enclosure per [ which is thickly used by the short arc chamber like the chamber used in the gestalt 2 
of above-mentioned operation ] unit chamber volume is comparatively high. As an activity ingredient, 
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when a halogenation praseodymium and sodium halide were used, comparatively high lamp efficiency 
was acquired in the lamp with the low amount of mercury enclosure per unit volume. 
[0058] In the lamp of this invention, when the amounts of mercury enclosure per unit volume (mg/cm3) 
were three or less about 16 mg/cm, the conventional lamp efficiency and the lamp efficiency more than 
equivalent 95 lumen/watts (LPW) were acquired. Furthermore, when the amounts of mercury enclosure 
per unit volume (mg/cm3) were three or less about 4 mg/cm, compared with the conventional lamp 
efficiency, it turned out that effectiveness high 20% or more is acquired. The number of LGTs of the 
lighting used by the conventional lighting design can be reduced 20%, maintaining the luminescence 
engine performance, since the lamp efficiency of the lamp of this invention increases 20% or more 
compared with the former. 

[0059] Next, further examples 1-8 which are different in the gestalten 1 and 2 of operation are 
explained. About examples 1-8, the measurement result of the various optical properties in 100% of 
specification outputs is shown. About examples 1-5, the measurement result of the various optical 
properties in the specification output of 100% and 50% of each is shown. Such modulated light was 
performed by restricting the current which flows a lamp, operating the lamp of examples 1-5 on the 
Rhine electrical potential difference. 
[0060] 

[Example] (Example 1) In the discharge field 201 of the arc discharge chamber 20, a total of Nal and 
PrI3 which are 0.5mg and a halogenation metal about Hg was offered as an activity ingredient. [ 15mg ] 
PrI3: The mole ratio of Nal was set to 1:3.5. Xe gas was offered in the discharge field 201 by the room 
temperature and the pressure of about 330 mbars. The volume of the discharge chamber 20 was 3 
0.45cm, and the amount of mercury enclosure per unit volume was about 1.1 (mg/cm3). The arc length 
between Electrodes 33a and 33b (inter-electrode distance L) was 32mm. The effective diameter D of the 
tube wall structure 25 was 4mm. The buld wall loading in 150W was 31 W/cm2. The measurement 
result of the optical property of a lamp is shown in Table 1 . 

[0061] (Example 2) In the discharge field 201 of the arc discharge chamber 20, a total of Nal and PrI3 
which are 0.5mg and a halogenation metal about Hg was offered as an activity ingredient. [ lOmg ] PrI3: 
The mole ratio of Nal was set to 1 : 3.5. Xe gas was offered in the discharge field 201 by the room 
temperature and the pressure of about 330 mbars. The volume of the discharge chamber 20 was 3 
0.45cm, and the amount of mercury enclosure per unit volume was about 1.1 (mg/cm3). The arc length 
between Electrodes 33a and 33b (inter-electrode distance L) was 32mm. The effective diameter D of the 
tube wall structure 25 was 4mm. The buld wall loading in 150W was 31 W/cm2. The measurement 
result of the optical property of a lamp is shown in Table 1. 

[0062] (Example 3) In the discharge field 201 of the arc discharge chamber 20, a total of Nal and PrI3 
which are 0.5mg and a halogenation metal about Hg was offered as an activity ingredient. [ lOmg ] PrI3: 
The mole ratio of Nal was set to 1 :7. Xe gas was offered in the discharge field 201 by the room 
temperature and the pressure of about 330 mbars. The volume of the discharge chamber 20 was 3 
0.45cm, and the amount of mercury enclosure per unit volume was about 1.1 (mg/cm3). The arc length 
between Electrodes 33a and 33b (inter-electrode distance L) was 32mm. The effective diameter D of the 
tube wall structure 25 was 4mm. The buld wall loading in 150W was 31 W/cm2. The measurement 
result of the optical property of a lamp is shown in Table 1 . 

[0063] (Example 4) In the discharge field 201 of the arc discharge chamber 20, a total of Nal and PrI3 
which are 0.5mg and a halogenation metal about Hg was offered as an activity ingredient. [ 12.5mg ] 
PrI3: The mole ratio of Nal was set to 1 :7. Xe gas was offered in the discharge field 201 by the room 
temperature and the pressure of about 330 mbars. The volume of the discharge chamber 20 was 3 
0.45cm, and the amount of mercury enclosure per unit volume was about 1.1 (mg/cm3). The arc length 
between Electrodes 33a and 33b (inter-electrode distance L) was 32mm. The effective diameter D of the 
tube wall structure 25 was 4mm. The buld wall loading in 150W was 31 W/cm2. The measurement 
result of the optical property of a lamp is shown in Table 1 . 

[0064] (Example 5) In the discharge field 201 of the arc discharge chamber 20, a total of Nal and PrI3 
which are 0.5mg and a halogenation metal about Hg was offered as an activity ingredient. [ lOmg ] PrI3: 
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The mole ratio of Nal was set to 1:10. Xe gas was offered in the discharge field 201 by the room 
temperature and the pressure of about 330 mbars. The volume of the discharge chamber 20 was 3 
0.45cm, and the amount of mercury enclosure per unit volume was about 1.1 (mg/cm3). The arc length 
between Electrodes 33a and 33b (inter-electrode distance L) was 32mm. The effective diameter D of the 
tube wall structure 25 was 4mm. The buld wall loading in 150W was 31 W/cm2. The constant result of 
the optical property of a lamp is shown in Table 1 . 

[0065] (Example 6) In the discharge field 201 of the arc discharge chamber 20, a total of 15mg of PrI3, 
CeI3, and Nal(s) which are 2.2mg and a halogenation metal about Hg was offered as an activity 
ingredient. PrI3: The mole ratio of CeI3:NaI was set to 0.5:1 :10.5. Xe gas was offered in the discharge 
field 201 by the room temperature and the pressure of about 330 mbars. The volume of the discharge 
chamber 20 was 3 0.55cm, and the amount of mercury enclosure per unit volume was 4 (mg/cm3). The 
arc length between Electrodes 33a and 33b (inter-electrode distance L) was 24mm. The effective 
diameter D of the tube wall structure 25 was 6mm. The buld wall loading in 150W is 3 1 .3 W/cm2. The 
measurement result of the optical property of a lamp is shown in Table 1 . 

[0066] (Example 7) In the discharge field 201 of the arc discharge chamber 20, a total of 15mg of PrI3, 
CeI3, and Nal(s) which are 2.2mg and a halogenation metal about Hg was offered as an activity 
ingredient. PrI3: The mole ratio of CeI3:NaI was set to 0.8:1:19.69. Xe gas was offered in the discharge 
field 201 by the room temperature and the pressure of about 330 mbars. The volume of the discharge 
chamber 20 was 3 0.55cm, and the amount of mercury enclosure per unit volume was 4 (mg/cm3). .The 
arc length between Electrodes 33a and 33b (inter-electrode distance L) was 24mm. The effective 
diameter D of the tube wall structure 25 is 6mm. The buld wall loading in 150W was 31.3 W/cm2. The 
measurement result of the optical property of a lamp is shown in Table 1. 

[0067] (Example 8) In the discharge field 201 of the arc discharge chamber 20, a total of 15mg of PrI3, 
CeI3, and Nal(s) which are 2.2mg and a halogenation metal about Hg was offered as an activity 
ingredient. PrI3: The mole ratio of CeI3:NaI was set to 2: 1 :3 1 .5. Xe gas was offered in the discharge 
field 201 by the room temperature and the pressure of about 330 mbars. The volume of the discharge 
chamber 20 was 3 0.55cm, and the amount of mercury enclosure per unit volume was 4 (mg/cm3). The 
arc length between Electrodes 33a and 33b (inter-electrode distance L) is 24mm. The effective diameter 
D of the tube wall structure 25 is 6mm. The buld wall loading in 150W is 31.3 W/cm2. The 
measurement result of the optical property of a lamp is shown in Table 1. 

[0068] Table 1 : Measurement result of optical property at the time of operating measurement result of 
optical property at the time of operating lamp of examples 1-5 at 100% of specification outputs, and 
50%, and lamp of examples 6-8 at 100% of specification outputs [0069] 
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above-mentioned examples 1-6, the light which emits light was still white substantially excluding the 
green hue. It can apply to a general lighting application enough, and such a color cannot identify change 
of a color or a hue substantially under the above-mentioned modulated light condition. Therefore, the 
same CCT is maintained at modulated light within the limits, and the lamp of this invention is 
substantially fixed in respect of a hue. Furthermore, the lamp of this invention has higher lamp 
efficiency in 100% of specification outputs compared with the lamp efficiency of the conventional 
standard lamp. 

[0070] In addition, the gestalten 1 and 2 of operation and examples 1-8 have explained only the example 
whose specification output of a lamp is nominal 150W. However, the specification output of a lamp is 
not limited for this invention to 150W. Also in other specification outputs, the same effectiveness can be 
acquired only by changing chamber configurations (mole ratio of a chamber configuration, the inter- 
electrode distance L, an effective diameter D, and an ionizable ingredient etc.). For example, in the 
range whose specification outputs are 70W-400W, the amount of PrI3 in a discharge field is the range of 
0.5 mg/cm3 - 50 mg/cm3 preferably. When the amount of PrI3 is smaller than 0.5 mg/cm3, the 
contribution to luminescence of Pr becomes small, consequently desired effectiveness is no longer 
acquired. Discharge becomes unstable while white becomes is hard to be obtained as the luminescent 
color, when the amount of PrI3 is larger than 50 mg/cm3. 

[0071] Drawing 1 1 is the block diagram of the electronic ballast circuit 40 in the lamp of this invention. 
The electronic ballast circuit 40 changes the lamp output at the time of lamp actuation (output of 
operation), and makes the light of a lamp modulate. For example, the electronic ballast circuit 40 can 
reduce a lamp output from 100% to 50%. The electronic ballast circuit 40 is connected to a power 
source 47. A power source 47 may be a 60 Hertz AC power. A power source 47 supplies 60Hz 
alternating current to the electronic ballast circuit 40 in a fixed electrical potential difference. 
[0072] The electronic ballast circuit 40 is equipped with the power factor correction and the 
electromagnetic wave active jamming filter circuit section 41 which were connected to the power source 
47, the power equalization circuit section (pressure- lowering chopper section) 42, the full bridge circuit 
section (full bridge inverter) 43, an ignitor 44, and the modulated light control circuit section 46. 
[0073] A power factor correction and the electromagnetic wave active jamming filter circuit section 41 
receive power from a power source 47. A power factor correction and the electromagnetic wave active 
jamming filter circuit section 41 transform into a polar electrical potential difference with a quite bigger 
fixed value than a peak line electrical potential difference the Rhine electrical potential difference from 
which a polarity changes by turns, maintaining the simple harmonic current of the Rhine electrical 
potential difference and an inphase. in addition, a power factor correction and the electromagnetic wave 
active jamming filter circuit section 41 — electromagnetism in the meantime — luminescence is 
restricted. 

[0074] The power equalization circuit section (or pressure-lowering chopper section) 42 receives simple 
harmonic current and a polar fixed electrical potential difference from a power factor correction and the 
electromagnetic wave active jamming filter circuit section 41. The power equalization circuit section 42 
generates and outputs the polar fixed electrical potential difference and polar fixed current which were 
adjusted. The modulated light control circuit section 46 connected to the power equalization circuit 
section 42 performs such adjustment. The modulated light control circuit section 46 adjusts the received 
electrical-potential-difference value to a predetermined electrical-potential-difference value using the 
reference value set as the interior. The power equalization circuit section 42 outputs 100% of electrical 
potential difference at the time of starting of lamp actuation, and performs arc discharge again. 
[0075] The full bridge circuit section (full bridge inverter) 43 changes into the square wave of low 
frequency the wave of the fixed electrical potential difference outputted from the power equalization 
circuit section 42. 

[0076] An ignitor 44 generates a 4kV starting voltage pulse. Then, an ignitor 44 is supplied to the lamp 
45 by which the square wave electrical potential difference of the low frequency outputted from the full 
bridge inverter 43 was connected to the ignitor 44, and carries out arc discharge of the lamp 45. 
[0077] Drawing 12 shows the circuit diagram of the electronic ballast circuit 40 of drawing 1 1 . The 
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same reference mark is given to the same component as the component shown in drawing 1 1 , and the 
detailed explanation about these is omitted. Since a power factor correction and the electromagnetic 
wave active jamming filter circuit section 41, and the full bridge inverter 43 are the same as usual, 
detailed explanation is omitted. 

[0078] The power equalization circuit section 42 is equipped with the resistance Rc for detecting the 
current which flows on a lamp 45. 

[0079] The modulated light control circuit section 46 is equipped with an amplifier 1202, a comparator 
1204, and the drive circuit 1206. The modulated light control circuit 46 carries out the monitor of the 
current which flows Resistance Rc, and transforms the detected current into an electrical potential 
difference. The changed electrical potential difference is called a feedback signal 1201. 
[0080] An amplifier 1202 is equipped with resistance Rl, resistance R2, and reference voltage Vref and 
amplifier 1203. A feedback signal 1201 is inputted into the error amplifier 1203 through resistance Rl. 
The error amplifier 1203 makes a feedback signal 1201 amplify based on reference voltage Vref, 
resistance Rl, and resistance R2. Here, the current which flows on a lamp can be set as a desired value 
by changing reference voltage Vref. Thereby, a lamp output can be changed and modulated light of a 
lamp can be attained. 

[0081] A comparator 1204 is equipped with a comparator 1205. The amplified feedback signal 1201 is 
inputted into a comparator 1205. A comparator 1205 compares a feedback signal 1201 with a saw tooth 
wave, and generates the switching pulse signal for switching the switch 1207 of the power equalization 
circuit section 42. 

[0082] The drive circuit 1206 adjusts a switching pulse signal to a predetermined voltage level, and 
outputs the adjusted switching pulse signal to a switch 1207. ON/OFF of the power equalization circuit 
section 42 are controlled by the switching pulse signal, and a lamp is provided with the current set as the 
desired value. 

[0083] In addition, the electronic ballast circuit 40 used in order to operate a lamp is not limited to the 
configuration of drawing 1 1 and drawing 12 . If it is the configuration which can change a lamp output 
(output of operation) by controlling the current supplied to a lamp, the electronic ballast circuit 40 will 
be arbitrary and will be obtained. 

[0084] Although this invention was explained with reference to the suitable operation gestalt, he 
understands that it can succeed in modification of a gestalt, without swerving from the meaning and the 
range of this invention, if it is this contractor. 
[0085] 

[Effect of the Invention] The metal halide lamp by this invention contains the discharge chamber which 
has tube wall structure, the 1st electrode, and the 2nd electrode, and the ionizable ingredient enclosed in 
a discharge chamber. If an ionizable ingredient sets the diameter of tube wall structure to D and inter- 
electrode distance between the 1st electrode and the 2nd electrode is set to L, including at least two 
kinds of halogenides containing halogenation PURASEOJIUMU and sodium halide, since a diameter D 
and the inter-electrode distance L will lie at right angles substantially and it will fill relation called ratio- 
of-length-to-diameter>4, high lamp efficiency is acquired compared with the conventional lamp 
efficiency. Furthermore, even if it is under a modulated light condition by fulfilling above-mentioned 
conditions, high lamp efficiency and good chromatic nature ability may be maintained. 



[Translation done.] 
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L/D>4k^ommmt.iLxt5K). 
mdMf\F®m±. m6wyy{k&m?yr*m*it 

Hmz-tl SffiS-ltfiB^oy yffc&JS5 yrfcttte L . 

[ mem. 1 5 ] MB»«fflt«c7)$Stc^ h MB*® 
<OA<7)it<2 . 4 m g/ c m 3 , 1 4 

[0001] 

yyrizmt. xmrntztt. raws****, 

f6*iWMEr- ? JUADy yft&M>y y rtznt h . 
[0002] 

KtKyyrmz&tiL-thyyrtf. -wwmnm 
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yytftiHkx-mftZtix^i . znxozmwMyyT 

Z>fiUm&tto$k7 < y* yVbtPr^X'hh&X'h 

ft. l*»u smMyyris^TMt. yyrt&izm 

iSfilPSriOfc&ft. 

t o o o 3 ] mmmwmmyyrii, mft&xvm 
mmm£ju<&m%ti^hhT-7im^v7yit 
&W,y yyx-hh . znxs tuy yy\tmsx'h *) . ft 

SftT^ft. Z^T-^WL^^y^t. 

S,btfffi1j-£ttiX^i>£\<\ zcoyyya. &«oiW£ 

«W>v^1Yi*T**)88eilHli«lir*J»), 

f^tft. mm&nttyyy-X'b'onh. 
[00 04] znkotcyyy^ t7i7«w^ 

ftVAli fcfc. Na I, Tl I . sfir 

isW:, Dyl 3 . Hoh. Tml 3 ^CO^n^-'y-fb 

nffiSfcaffir*-*. ztibnwnz-kts y yyu, we 
»»feSK ( c c t ) tikv&mgim (crd 

=Srttlfii:. 95/^y/7 7h (LPW) ^T-cOit^ 
ti. 7-?Mf+WWCe I 3 iNa I 

*t ft «SS7- 7 at*/ \ n yyit&m y yytf&mx- 
hi. ioo%commm^mx'^^iz, mwiz 
m-Zit. mmzyyrzmftt&zbizx'o. x*) 

f><<7)^M^*)V**'§mthZbti t X'%&. 

mmmz, tvxoKmy&kfrTiz&^x&titi&f&z 

Ht ft SSJE7- ? J5c«/nd Vyft&M, y v TZ m v * ft 
ditfSil-^iSftft. 
[0005] 

MMfcfcK 1 ] #HH*m& 5,973,4 5 3^BJ*0IS 
[0006] 

] $ISttIH$6 ,300,72 9#BJ*8» 
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[0007] 

imm&ixobi-mm] l*»u yyy&nif 
wmn<nm o%tx-imztit:m%%f¥Tizt$^ 

X. ±j£W*y$-v?mifrt>ffif&Ztlfz^*y><tt 
tlT-?tit&\uyyHM?ynt* JtttWSlvvr. 
lftltCiBHUT. &&m<mfrlZ.b£%h. * 

tz%*mhzbiz%h. 

[0008] ffioT, H3K*frTCft 

ttfftit"Cftft. 
[0009] 

fc. »l<0«fit. ^2^«ffifc^*-fftScmf- J rWN' 
T'£>oT, HlTie^l£0«ffii:B5fB^2c7)«®t{i»[S]L 

•c^ft, utrnt+yxt. mtmnmmzmxzti&j 

yyft7 h y ? A^-irtf^< 1 1 2S»co^oy wt 
*>tt&£Di:U «IESSltf>«fii:fliiEffi20««i:<& 

laomsi&K* l b -r ft t ; frieiigD b msxm 

nSBWMIfcU iWciOiiEBWSrjtJS'tft. 
[0010] 1uia < fMffiji«S^ B B B 7;l/57*^^B!(:$ 

[ooii] mw^yyitryttiSVUtBVitT 

30 ( P r I 3 ) "C* 0 » 1512^0^ y-ft7 h 'J 

^Aiia^fl^hU^A (Na I ) T'$>oT t 

[0012] m&miffiii. mimicDmmmz&w 
t&mi ?>m b mim 2 nwmmizimt ft m 2 <m 

UbttLXH*). BulSmi^ffigi5fcJ:^fiieig2(7)S 
mt. %M*)lz%-oX^Xi>J;\,\ 
[0013] mutm+vyy*. mb*i ^ffiSPfci 

[00 14] frlB*^x{i x df-tyy (Xe ) . T/u* 
40 y (Ar ) . **y (Ne) fciix^'jrhy (Kr) 
*^^ftSf*^S«?$*T.ft^XT*oTtJ:o 0 

[0015] friBitfiD iMemsrasggiL 7 ^ 

L/D g 9 t m& ZffitZ IX t <k 

[0016] i!rias!5«fflj«^§«t^rrftmiie*ffi<7)* 
[0017] rniaw Aoywt-t y 

[0018] ±fB;Nny>fbfeJS7^7{;L j8«ft&o« 

^xyvn-rt, irriexy^o-rt^-tftn^ 
50 t*ot. fnex>^n-rrt^sufftmi<o7^-fe 
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£ uzmt . inaswf-'v w<«4frtEx y<o-rrtt 
ieasfvefc o , tretR 1 1 <t>7? 

[0019] frieAD^'wbr^'fe^^^AtiB^^r 

^AJiH^Yb-^h'J^A (Na I ) X'h->Xi>^\ 

{0020] *9tmzx i'\nyy4M5 y?t . mr 

Otff k fctf-fSSW** 5"<T*oT . tffflBJf! 1 
«ifcfiie^2<7)mffii:ti*frfilLTVM, N StffV^ 

T. iK^vftTOHfltt, *«fc. ad 

»l^«Stluie^2c7)«fiitc7)F^l:MSgSi5:Li: 20 
XlTfcO, L/D>4-kv^Wflk*»feLTtJ 

itnEttf^miiu. «i^Noy>-itAa5y7 , *j6fi 

ftfc "9 . Cft{c4 >3JJEI«*itljW4 . 

[0021] mtim!m&wmzftthmum<»& 

OJtt4, 4mg/cm3£[TtJb'>tUl\ 
[0022] 30 

[00 2 3] HlMMW-fi. Hlli. T-^JWad 

y^^E^yrioogf^Brffiiasr^-f. i<ositt, 
1 im*ff>xisv >s&mni& 1 2 tj±«>a4*tfe«]i 

tf. P£l 2rtT2O05«««lCfft»S<Xfc«ttA««B 40 

IW9X7W7 (xy<o-7'*|ia3i7W-T) 1 6£ 
loTT'ftCS^T^I.. *^^K^7^7W71 6 

te. p&i 2^g(ciea$a, x^n-n !^ 

WtfrftcoBi (Hi <7)£f8 10 4) CfflotiAn-r 

1 loiwvtstm m^r?**?^ 1 4 

SJ:tflB2*>7?-fe*'7'f-lri5tt. *1\ xyKa- 
Tm>W&7V7l 6<?>~J}(OffllzQSlt:Vmfrt>. 
xy<.D-r^ttjffii7U7 1 eKWGrarfofcffitf 
T . -f-O-SP*^ ^fcxXo-T 1 1 OrtfflJtffifiS 50 
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ftS. iy<n-ri l«0rtffl!lfcS>S^1^7^-b^y 
>f-Vi4fcJ:y : B2co7^-bxy'f-\ri saaoaSft 

•fe*7-f 1 4 li. xy<D-7ft| 1 04 i: na33S 
-f£>. 

[00 24] U>>U 71/716^Iotxy\n-7 
1 1 ^ltX^o-7I« 1 0 4 iptJIttlhimz. 
WctiHzmft>tlfcm2cr>77-tXV4*n 5fi s ftfcjfc 
fttf t>tifzmizm< Wxy^n-7|| 10 4k 
IIWftfcTfir&SflSjfcgtf & J: 3 B 1 <9 1 5 a (ct 

1 0 4 fclS*Wfc£it =Sr#mfc8Etf * J: 3 fc , H 1 *> 1 
5bfcTlf«Kfteftff6*l&. »207?-feX7"f* 
1 514, X>"<D-7'1 ltfPAl 2fc«i6&**lfci| 
<te»^«*HS8K:*$tvC, x>"<n-rilttl 04 
fc(5if3cH-rS. m2i07?-bX'7^ J rl 5<OX>"Co 

-rjMfti 0 4tw5r^i; yymwumiz, m 

2<?>7?*.X r 74 J <n 5c9*ffi*>^3t«W?&£L&^ 
J: 3fc, ^7;P5-'>.M:?$«y?f-A-'7*l8rt£ 
ffl-^TV^. ^207^-feX7^-\'l 5<7)xy< 

D-r^is 1 0 4 t¥ft%mti. $x*wto*m%.-f 

■tWf^l 5J4£S>fc:2*i5r (01(7)1 5cfc4tf 1 
5d) T'ilAfcfttf^^S. ^207^-txv^^l 5 
wmii, ±a!OlS2cOT^-feXV>f -VI 5*»fttJtx 
>"<D-7-*ttl 04 fcSai^*IWW)TtKB8fl. 

cOSaii, ftftWCtt, P^l 2tR«ffl|c0x>-<a- 
7' 1 1 £9Sg&T*'77->f my Xt 4 y?iV2 4 tco^r 

[ 0 0 2 5 ] 0 1 14, ■ermTttcW UWK*!.^ 

mizmtiLZtLt:-t7 5 y?7-?%mi-*yrt20co 

1 ^(mi&mmmtt-t > i-^y^20it, tmm 
m25t. 1 » <D/hs *rta/^g-b 5 s » ^ wwni* 

vx/Pg|5*2 1 afci^2 1 b ( 4fc(4?-a-7*2 1 a 
^^^'2 1 bfciofcS) k^W-TS. f-a-72 1 afe 

J:tA'2 1 btt. «StSit2 5<v2^<muim<?>zti? 

[0026] *atWb2 5(4. f-+yA2 0«t 

Ea«**^an«^x;nwn o 1 1, f*w<2 

0 *>*iBSfc:«>TB v ^ttS^-h $ ^SRRHF^x /u» 
4H0 2aiJj:^10 2bt**-rft. fMttjt25 
t4. R«^x;l^^l 0 3afcJ:^l 0 3b?rWLTfc 
0 , ^ixCJ: OttS<0/jNS'Sr«n»R«^x;Pa# 1 0 2 
afcit^l 0 2bi:ffi@cT)7<# : 6:«Sinf§ixx;^»l 
0 1t(4jS^§ixTOS. 
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[0027] ^msmza^x. wan***® 

«n«i/x/MB4H 02akP3*S/i/uaWJ-l 0 3at 

SfPMvx/I^MJ- 1 0 2 b k HM^x/HSS* l 0 3 b t 
2 <r>4MH2: B*-fc. minimi. Rii'x 
/-H»# 1 0 3 a j^lt^hSfc^HH^x 1 
0 2aA,k5teNH l 3fc&oT^|>. RMttC. H20Sig& 

«. n«^x;wa^i o 3 b^cam/hs^gnnff 

v-x/^^10 2b^i:5fe«i9(c : 5r-5T^|.. £l<tf| 

st*2<z>iWfctt*tmi/o>s. mi mom*, tm 10 

^*82<3««llfc{Mtl/CV**. . 

[00 28) f-v>A'2 0tt*fc. msmt&zoiz 

v— H ( EKStf-f ) mi (Dm is-lV F 

14. m^b^^mmn^xjum 1 o 2 a t nit^ 

x;l^#l 0 3ak^x-7*2 1 a. t<r>o k i> 

lo£g? 4 SHOES'- /PKtt, #2L<<4, »1<0 
(Eg^h3^HPJ«i'x/WW# 1 0 2 afc it/ 
RHyi;W10 3a) £S5. m2nm^ 20 

-A-K(4. ttfl<D'hS>5r«BlRflixx/l^# 1 0 2 b k • 
nSt^x^-^l 0 3bkf-x-7"2 1 bk<93*>4"=5: 
<kklo££3. m2<D»>—/H<f4. jff*L<t±» 
^20«3J (ttg^/hS^fflPJW^x/I^S^l 0 2 b 
fciUTOti'x^aJ-frl 03b) fcJia. f-+yA2 0 

[ 0 0 2 9 ] ^SS®|env>f -\»2 6 afcitA'2 6 

bit, -^t''>A*^msii§. f-+yy«waa»7 

n2 6ajD<ttf2 6bli filfilf a-/2 1 afc 30 

1 b*>A>St/TV^. 7>ft2 6ali Hl<97 
?*X7^14* 5 xyALn-r*$il 04k££-f 

^ -5 r m 1 0 7 ? -t X 7 >f -V 1 4 £ E 0 ffl 1 4» iXT o 
I.. 7-f J V26bl4, ±j£Lfc82<7D7?-fe.X7-'f-\'l 
5 #x ><v-?m 10 4k 3CH-T S SB#i Tit L . 

i -5 T 7 ? -feX 7^f -V 1 5 £R 0 f?f ft £>itT V » 
h. zommzi"). f-vy^2 0tt. mi<7)7^-fex 

V^f-V 1 4fcJ:U f SS2tf)7?-feX7'f-\* 1 5<7)CliX<bO 

JSUHW^IBUcSaaoSftSii. *<Oft$;fr|6j«)W# 40 

iy<n-7*«l 04kJJff-St^-S. 

(4, mi<?>T?-tX 1 7-<l J rl4Zm-?XJ-'ryJ<2Q'\ 

kiittSftflS. 

[0030] 02«4. 01O7-^ffl:mf-v>'>'N'2OO 
BriBH-Clb*. H2Ktt, ^S«3t2 5 kf-x-72 1 
afc.*l/2 1bi:(cJ:->T»}g3*i*. Cfinffi<Ott1K 

<Dffiimmtztem-<?)&nffi^&ttL. z.tiuziwx 

[0031] m,®®2 0 1 fctt. -f tfyftTO&ttfWt 50 
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(Xe ) . 7)V3V (Ar ) N **y(Ne) fcitf? 
07h> ( K r ) *»<5>*4ff*»4>aiS!SixS. Ao^y 

[003 2] fty^'tiM7>( *2 6a{i. xjj-t* 

72 1 aiJj:t/#7X7'J y b 2 7 aOJWKRttttfcit 
«WSSV«^tt£#l-0>&. 74-f2 6aJ4. £ 
-y h27 afcJ:oTf-A-72 1 atf)|*lSI 
ffifcBa€$it& (*l/C, 7-f-¥2 6atf^-72 1 
a*l-jft«|T, 7-f-f2 6a<D|IBPgiS£«HLT$f 
ihLTV^) . U»L. 7^f-V2 6a{4. •rfWC** 
y/<2 0OScm«iS2 0 1 ftlzBf&ZtifcyyXvizi. 
iX&th flS*WA(cHi S i k ^ri\ 

t, Tyx-iftxemmzmzMh* v 

7-f -V2 9 a«HW, ie*l7>f ^ 2 6 a<0-«t?§S 
KioTiSttS^ 3\Z&fryJ J r2 9a.cr>ft<mi?> 
/^f>±li«3 1 aW-*Ka»fc:J:-5T««S<i 

[003 3] ^y^Xr> / 1WE3'f;l'3 2a 

* j . ±s@W3 1 einmmtMfttzmfbti, mm 

fcX^X-MtZtlZ. Z^X^ZlX. t!3 3a 
«4, ±«SW3 1 atiktfWM^J )\s3 2at l z£-?Xffi 

#32:^7^-^2 9 a{4, m®3 3 afc7-?llttf"*V 
A 2 Ocoj!c««JS2 0 1 rtOBrJeoffittEMt* J: 3 
tlSigt-l. . SSIS7^ ^2 6 aiOlgti, *SWfct4, 
0. 9ramtW. ±mffiW3 1 aOlgli, ASWK 
(4. 0. 5mmt*S. ^rfc. *W*t:feV^T, iEH 
7^-\r2 6 ak?I^G=^7-f-\'2 9 ak±mS5W3 1 a 
k^>7*^rya;ffi3^;l'3 2ak(4. Ill^7^-fe^ 

7^^i4k«^Lrm7]Sr«^-rs<7)'C', cn^ien 

7^-^2 6ak?l^ji^7-f-\'2 9ak±«Sitt3 1 a 
k^y^i i >'fl:^3'f;P3 2ak(4, ^KOmfiikL 

xmmh. 

[0 034] R*{C, 02tfcV^T. f-A-WN'mffiieM 
7'fA'2 6b(4, -3}"h'7A*>^^§ixT^S. 7-f 
■\r2 6btt4fc. ^x-y2 1bisJ:l/Xf7X7 l J-yh 
2 7 b<^«^kftlS^ifiV^JJ5g#ttSrWLT^ 
6. *Hifi^®'C*(4, 1^17^^2 6 3*3^1/2 6b 

12187^-^2 6 3*3^^2 6 b(4, 7;U5^cO^ 
H^^Sk jfiV\SfcJgg^iS?:*-tl,«mtt-9--^ y 
*»4>»flKS<i-CiJ:o. f-*wC«SHS»7^f^2 6b 
14. #7X7 l J-yh2 7b£J:o-tf-x-721b<0rt 
«Wt=BBje$*tTV»& (*LT. 7^^2 6b*<f-x- 



3/5/07, EAST Version: 2.1.0.14 



(6) 

9 

72 1 bfcilofcttJIIT. 74 -V2 6 b flfflJ 

, J7'TVai#)2 ! ^7'f-\'2 9bcJD-JS{i, ffitlV-f-^ 
6b<0-JWcS»fc,J:-5T*«S*U 6I#32 ! ^7^^2 
9 bOfflfl^^y^TryimfittS 1 b<0-JB£»» 

[00 3 5] ^y^Xf >S«i3^^3 2b **, ±1gffi 
M3 1 bOMc^«a5#KiStt£>fu »»CJ:->T- 
fMLSfli. £*>J:3K:LT. tffi3 3btf&ESftt3 

1 b*jJ:tfltffi3>f;P32b(cJ:oTll«S*i*. 9IS 10 
j£*74-\r2 9b{4. ti33b^T-;tlftyA' 

2 0*>jfclfKM2 0 1 rt<7)H)rScofi[St:iSStl» J: o 

«4, 0. 9mmt*i. ±Sffi«3 1 bf)ttgt>*fc, 
0. 5mmX'*l). *njMB«;:i3V> 
T. EH7^ J r2 6bfc?|$2 ! ^ , 7'f-\'2 9bi:±m 
M31 bb?y?'z.T>W&34fr3 2bblt. W>2<ry 

rt-txvj^istimvxmjjz&tetKo-c, z 

titimkVA -\» 2 6 b fc 31 S 2^7 -f -V 2 9 b fc ±mfi£ 

[0036]££>tC5 yrdoaBft-c^jtt^* A<4 - T 

-?ftyA20Oti3 3 at 3 3 b fc £ £ 

ft2 5aftttK& TDj (&*Wi3r»¥g) WJtL/ 
D?**. %flMtLfca@Dfc(i. SSRWfcSXL 
■O**. »Stfcv^, r IUf«fciB3W4j fc 
14. «ffifiB^L<0*|pli:BgD<0^ri6lfc*^tiE« 
f***tjBiT. «SHEBIL<0^r|pltagD«*|Si 30 
ti^KSXL^v^tW). -^.IfcfcjgHLTIBfc 

W%.XfohZbi^o. znftli. ftyA2 0{:^ 

£OJtWieffll*IT\ (Sfcm^tt<2 0 1 S-ffMtS ) f-+ 
yA*2 0fc*4<t4l8asflli:ftfc. 7-^fty^2 0 
^flDSSratU-fSi-caSMrSSIfT**. Cl<7)L*fD<0 
7X^NJt(i. 7-?*+>v<2 0fr<<>;ft»3*i4# 
Oft. ^*m«^BBSSttJB<^*, »fWISOS* { 
0»KH«Wi. 40 
[0037] S&te. T-^f-^r yA2 0«>mtttSO 

fc , y yrSMWRTf * . *»ifir07 yr^f** * 

^yhRAn^VflaM^yroJte. #73 0~3 5W 
/cm2 ) *TtMH»*l6<M*«Jb4. fgft^*^ 50 



#^2 0 0 3-2 29 089 
1 0 

<%&iib\ m%. %mmb7-?^>^2o?) 

Hfc & 9 , -Oct 5 =5: 5 yrfrfc^tcffJB&IWBWfr 
[0038] ttffifflEJtL . t$ J:^ ^OSfifiHffi^L 
ZbiiX'Z*^. ^MgDA^S TOREK 

E«L*«ft<iUf»«iiaD (Sfcli^S) li*S<fc 
Oft*. ««flGBU », ttftlKSD <4fctt¥S) 

. mzm-h t x-±m i z t k& h . 

[0039] «tH4 . @4t4. #ffcBJ!<?)» 

istFarj^rto^tw. (lpw> * 

s»esDfcjtt*«fiisiraiiL<JDitL/D fc <mm^ 

fc{4, 9 5/1— *>VT?>y h (LPW) T'S>§„ 

«7 yrtfc^T > ttffiFalSEfeL fciSgD fc ^'L/D ^ 

2i:v^dWfli*8Sfc-r«^K. fiawo^yT^WsfcHlf 

T'J>S 9 5 /l'-^ V/V vKLPW) tLh^7 >7^l 
L/D>4fc^^ra^Sr^ct 

«sw5>'rsw5tib^r2o%tLh*i^M6 
*<#<c>ixi. zbtwtfr^tL. yyvuhmmmzitK-i: 
2o%y±mtttz>0)x\ RmmzmfttiL m 
nmwmixm^tLx^mwmm 2 o%&m 

IZbtfX'Zh. 

[0 04 0] 3$,fc#*L<tt. VfBSKRILfcltSD 
fc{4. 7gL/DS9!:^9lW^t. ^C0%& 

4*><i, L/D>9fcV^W«Sr}l^-Tfc. 7>-7^* 

SglSIL fc USD fc #9 < L/D S 2 0 fc ^ o m&Zffit: 

Lx^tm. *m&5ym»it* w^^yyr^m 
(9 5lpw) x<oi>m^zbtfm^tz. mm 
m$m l t asD fc *<l/d > 2 o fc t> 3 w^s-st^-r 

fc, «ffiraSgSiL^^^#<=5r , 5, fflS^TUlK 
Srfflv ^ft««ott»*j i^Scm^itSf^H fc Srft*», 

HSE^LtilgDfcti. L/D<2 0fcV^ra(l5:St^ 
t^fc^'iF^L^. 

[0 04 1 ] 7-?«*?vr*W8Wt*»»«\ IE 
«fl:*«ftffif (77 b/^iIS) fco?^. iEffi-fb'gM 

ft^ji . « mn. ffi(D9)%b m v y •* r^m.9ymt * 

&A-&h1tXl'XDRg.bLt:i><7)X'b&. 115(4, IE 
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L£. ±3&<07~-71-Yy'<2 0CO?>7%}m (LP 
W) <ny 7 y&Ft. @ 5A» &#*»*,]: 3 fc, 7-71- 

5y79&¥t,±#U*s. 7>7^j¥{±, mar 

0-4477 h/mm<r>*§-& 

J:3&flK0-M£H6A^G96G(3K-f. 01fcJ:tf 
0 2 & S>tffc0 6 A-06 G C^f-eil^OMttJ^ 

t. 7-9+*v>*omizmnt&Rffl*TFft. vm 
\H$mh&v^mmmte7-7^>^cr>%mz®& 20 

coo43]ia6A{i. «=s^3toBf®* s ffin^-c$)i. 

7—?l-vyrtZ7fit. 

[0044 J 06 Bfct, WMffiKOIISBjWffli: J: 30 
[OO45]06C(;t mffi&Oi9tt;ft<¥Sft?& 0 . 

[ o o 4 6 ] 16 Dtt. vMti&mm&m.ttiii 

ommtit:W.Fl&<?Mm& : fi1-Z7-? J }-*yrtZ 

[oo47]ia6E(i. wiflug^wJiJ^acT* o . 
^m&<m&tfw\mb s kb* 4 r- ? ?• + 40 
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